Abstract: This study was carried out to determine the effects of NaCl levels and the mutagenic agents, the chemical mutagen ethyl methyl sulphonate (EMS) at 0.5% and the physical mutagen UV-B irradiation for 40 min time exposure on the activity of antioxidant enzymes in two Iraqi rice genotypes Amber 33 (A33) and Amber Baghdad (AB). Different levels of NaCl were (0.00, 50, 100, 150, 180 or 200) mM. NaCl caused increase in antioxidant enzymes (POX, CAT, and APX) activity. Exposure to both mutagens increased the activity of these enzymes significantly compared with non-treated.
Introduction
Iraq is one of the Asian countries which has suitable agroclimatic conditions for rice cultivation. Rice is the staple food for the greater majority of the Iraqi population. In Iraq, a number of traditional and improved genotypes have been released for cultivation in different regions. Amber genotype is the most important traditional Iraqi rice genotype (Chakravarty 1976) . Rice (Oryza sativa L.), belongs to the family Poaceae (Graminae), is the staple food for over two billion people over the world (Chakravarthi and Naraveni2006) . It is the most economic cereal crop in many parts of the world and considered as a salt sensitive crop (Zeng et al.2002) . Efforts were made to increase rice productivity, since 70% of the world's poor people depend on rice as the major source of food energy (Zeigler, 2010) . Salinity is considered an important physical factor influencing rice production. In fact, salinity can cause severe damage at any stage of rice growth and development, which leads to yield loss (Rajakumar, 2013) . Salinity alters a wide array of metabolic processes in growing plants and induces changes in contents and activity of many enzymes (Khan and Panda, 2008) . Additionally secondary stresses often occur, such as oxidative stress due to the over production of reactive oxygen species (ROS) in salt stressed plants. ROS are molecules like hydrogen peroxide (H 2 O 2 ), ions like the hypochlorite ion, radicals like the hydroxyl radical (OH -) and the superoxide anion (O -). Against these ROS, plants have evolved a complex antioxidant enzymes, such as superoxide dismutase (SOD), catalase (CAT), ascorbat peroxidase (APX) and peroxidase (POD) in the different cell compartments, achieve a balance between the rate of formation and scavenging of ROS, and maintain ROS at suitable levels required for cell signaling ( Batels and Sunkar, 2005) . Peroxidase enzyme decomposes H 2 O 2 by oxidation of co-substrate such as phenolic compounds or antioxidants (Gaspar et al., 1991) . Catalase is the major endogenous antioxidants, and catalyzes H 2 O 2 decomposition (Wang et al., 2004) . Catalase plays an important role in the acquisition of tolerance to oxidative stress in the adaptive response of cells (Abassi et al., 1998) . Ascorbate peroxidases (APX) are enzymes that detoxify peroxides such as hydrogen peroxide using ascorbate as a substrate. The reaction that catalyse is the transfer of electrons from ascorbate to peroxide, producing dehydroascorbate and water as products. APX is an integral component of the glutathione-ascorbate cycle. These enzymes are commonly hemoproteins and the haem cofactor is the site of the oxidation-reduction reaction shown below (Raven et al., 2004 
Materials and Methods
EMS concentration 0.5% (v/v) in 100 ml phosphate buffer solution at (pH7) was prepared. Seeds of the two rice genotypes Amber 33 and Amber Baghdad were presoaked in distilled water for 16-20 hrs at room temperature. The presoaked seeds were dived into two groups, the first was irradiated with UV-B (280-320 nm) for 40 min and the second was treated with aqueous EMS 0.5% for 3 hrs under the laboratory conditions with intermittent shaking to maintain uniformity (Talebi et al., 2012; Wattoo et al., 2013) .
Screening rice genotypes for salinity tolerance
Twenty five seeds of each genotype for each treatment were allowed to germinate on a filter paper in 15 cm diameter Petri dishes. Each filter paper was moistened with 10 ml of 1/10 MS NaCl solution at the concentrations 0.0, 50, 100, 150, 180 or 200 mM according to the treatments, placed in an incubator at 25 ºC, for 10 days. The Petri plates were arranged in completely randomized design (CRD) with three replicates for each treatment. Seedlings were transferred to universal test tubes containing 1/2 strength MS salts supplemented with 0.0, 50, 100, 150, 180, or 200 mM NaCl with three replicates. The test tubes were placed in a growth chamber at 16/8 hrs (light/dark) photoperiod at a light intensity of 1000 lux, with ambient temperature of 25+2 ºC. Means of shoot height, root length and root number were recorded after three weeks (Anbumalarmathi and Mehta, 2013) . 
Activity of antioxidative enzymes

Enzyme extraction
Rice roots (100 mg) were homogenized in 3 ml of 10 mM phosphate buffer (pH 7.0) wit pestle and mortar. The homogenates were centrifuged at 14000 g for 20 min and the supernatant was saved for analysis (Liu and Ger, 1997) . The supernatant was used to estimate antioxidative activities of enzymes.
Peroxidase activity (POX) assay
Peroxidase activity was estimated following the procedure of Putter (1974) . Aliquots of 3 ml of 0.1 M Phosphate buffer, 0.05 ml of 20 mM Guaiacol solution, 0.1 ml of tissue extract and 0.03 ml of 12.3 mM hydrogen peroxide (H 2 O 2) solution were mixed in a cuvette and placed in a spectrophotometer, and then read at 470 nm. The peroxidase activity was measured as the rate of guaiacol dehydrogenation product formation.
Catalase activity (CAT) assay
The reaction mixture included 0.6 ml of phosphate buffer (0.1M, pH7), 0.1ml of enzyme extract, then 0.3 ml of hydrogen peroxide 75 mM were added to the mixture. The optical density (OD) at 240 nm was read after 2 min (Cakmak and Maschner, 1992).
Ascorbate Peroxidase activity (APX) assay
The mixture used for APX activity assay was containing 3 ml of phosphate buffer (0.1 M, pH7), 0.1 ml of 0.5 mM ascorbic acids plus 0.5 ml of enzyme extract. Aliquot of 0.1 ml (0.5 mM, H 2 O 2 ) was added and immediately was read at 290 nm of OD (Cakmak and Maschner, 1992 ).
Result and Discussion
Effect of genotype, mutagenic agents and NaCl on the activity of antioxidant enzymes.
Effect of genotype, mutagenic agents and NaCl on peroxidase (POX) activity
The peroxidase (POX) activity was estimated after ten days of rice seedlings grown on various NaCl (mM) concentrations. The POX activity of the two genotypes after exposure to mutagens and NaCl is shown in figures1 and 2. No significant differences between A33 and AB in the mean of POX activity. The POX activity increased significantly at all NaCl concentration excepts 50 and 100 mM, recording 0. and NaCl on the mean of POX activity unit/g (F.W.) of seedlings, after three weeks of inoculating into half strength MS medium.
The presented results are in line with those of Lin and Kao (1999) indicated a progressive increase in POX activity when NaCl levels elevated from 50 to 150 mM in rice. In other study peroxidase showed increased in activity under salt stress in four rice genotypes during different developmental stages (Swapna, 2003) . Similar conclusion was drawn by Daud et al. (2012) in cotton callus cultures exposed to elevated NaCl levels.
Effect of genotype, mutagenic agents and NaCl on Catalase (CAT) activity
The catalase (CAT) activities were estimated after ten days seedlings growth on various NaCl concentrations. CAT activity of the two genotypes after exposure to mutagens and NaCl is shown in figures 3 These findings are in line with previous studies which reported that CAT activity is higher at high concentrations of salt stress in two rice genotypes (white ponni and BPT-5204) . Sevengor (2010) concluded that CAT activity is important for elimination of H 2 O 2 under salinity stress. Plant processes a number of antioxidant enzymes that protect them from potential cytotoxic effects (Chookhamaeng, 2011; Kusvuran et al., 2012) . H 2 O 2 has also considered an essential molecule of signal transduction in both a biotic and biotic stresses. Matsuda et al. (1996) demonstrated that application of H 2 O 2 at low concentrations induces stress tolerance in plants due to the induction of the synthesis of certain substances similar to those normally synthesized during chilling stress. The effects of NaCl on CAT activity were studied in diverse groups of plants, such as a unicellular alga, Chlorella sp., an aquatic macrophyte, Najas graminea, and a mangrove plant, Suaeda maritime. All showed high tolerance to NaCl. Significant accumulation of H 2 O 2 was observed in all the tested plants upon their exposure to high levels of NaCl, and CAT activity increased significantly in response to the NaCl treatment (Mallik et al., 2011) . Interestingly, the same authors found that growing the plants in the presence of a high degree of salinity also resulted in the synthesis of new isoforms of CAT.
Effect of genotype, mutagenic agents and NaCl (mM) on ascorbate peroxidase (APX) activity
The ascorbate peroxidase (APX) activities were estimated after ten days of seedlings growth on various NaCl concentrations. APX activity of the two genotypes to after exposure to mutagens and NaCl is shown in figures Helaly and Hanan El-Hosieny (2011) suggested that the activities of Super Oxide Dismutase (SOD), POX, APX, CAT and Glutathione Reductase (GR) enzymes increased in irradiated shoots compared with non-irradiated under salinized and non-salinized conditions. It could be concluded that, irradiated shoots had a higher hereditary and induced capability under salt stress providing a better protection from oxidative and cellular damage caused by NaCl salinity. Sofo et al. (2015) concluded that APX has a higher affinity for H 2 O 2 and reduces it to H 2 O in chloroplasts, cytosol, mitochondria and peroxisomes, as well as in the apoplastic space, utilizing ascorbate as specific electron donor. Weisany et al. (2012) indicated that under salt stress, the CAT, APX, polyphenoloxidase (PPO) and peroxidase activity and also proline content increase significantly as a result of salinity stress compared with control. 
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